Zn-proline (5 mol%) performs as a novel water-soluble and recyclable Lewis acid catalyst for the selective synthesis of 1,2-disubstituted benzimidazoles from wide range of substituted o-phenylenediamines and aldehydes in moderate to excellent isolated yields (42-92%) using water as solvent at ambient temperature.
The development of efficient and environmentally benign chemical processes for the preparation of new biologically relevant molecules constitutes a major challenge for chemists in organic synthesis. The benzimidazole core is classified by medicinal chemists as one of the 'privileged sub-structures' for drug design, in light of the affinity they display towards a variety of enzymes and protein receptors. 1) Interest in benzimidazole containing structures stems from their widespread occurrence in molecules that exhibit significant activity against several viruses such as HIV, herpes (HSV-1), RNA, influenza, and human cytomegalovirus (HCMV). [2] [3] [4] [5] [6] In addition, benzimidazole derivatives have been used to act as topoisomerase inhibitors, selective neuropeptide YY1 receptor antagonists, angiotensin II inhibitors, 5-HT 3 antagonists in isolated guinea pig ileum, potential antitumor agents, antimicrobial agents, smooth muscle cell proliferation inhibitors, a treatment for interstitial cystitis, as factor Xa inhibitors, and in diverse areas of chemistry. [7] [8] [9] [10] [11] [12] In view of the tremendous biological activities of substituted benzimidazoles, their preparation has gained considerable attention in recent years. The traditional synthesis of benzimidazoles involves the reaction between an o-phenylendiamine and a carboxylic acid or its derivatives (nitriles, amidates, orthoesters) under harsh dehydrating conditions. [13] [14] [15] [16] [17] [18] The most popular strategies for their synthesis utilise o-nitroanilines as intermediates or resort to direct N-alkylation of an unsubstituted benzimidazole. [19] [20] [21] [22] Another method for the synthesis of these compounds is the reaction of ophenylenediamine with aldehydes in the presence of acidic catalysts under various reaction conditions. [23] [24] [25] [26] [27] [28] Many of these methods suffer from one or more limitations, such as low yields, use of expensive reagents, harsh organic solvents, a special oxidation process or long reaction times, tedious work-up procedures, co-occurrence of several side reactions and poor selectivity. Very recently, we have reported L-proline catalyzed efficient synthesis of 1,2-disubstituted benzimidazoles in chloroform at ambient temperature. 29) Therefore, the search continues for a better catalyst for the synthesis of benzimidazoles in terms of operational simplicity, economic viability, greater selectivity and in particular using green solvent such as water as media.
Water emerged as a useful alternative solvent for several organic reactions owing to many of its potential advantages such as safety, economy, readily available, nontoxic and environmental concern. [30] [31] [32] Reactions in water have been very useful to the synthetic chemist for many years and their utility is reflected by the many studies to discover new processes with which they can be performed catalytically and chemoselectively.
Since the exploration of water soluble Zn(proline) 2 -complex by Darbre's group [33] [34] [35] [36] [37] in effecting various asymmetric aldol type transformations as chiral catalyst; only two reports have so far appeared employing zinc proline as an efficient recyclable and inexpensive Lewis acid (LA) catalyst for the preparation of Hantzch 1,4-dihydropyridine derivatives and 1,5-benzodiazepines under microwave conditions. 38, 39) There is still lot of scope to further explore the catalyst for its application in forming various heterocycle rings. In continuation of our recent efforts to develop novel synthetic routes for carbon-carbon and carbon-heteroatom bond formations and heterocycles, [40] [41] [42] in the present study, we wish to broaden the scope of Zn(proline) 2 -complex as an efficient LA catalyst for the selective synthesis of 1,2-disubstituted benzimidazoles (2-aryl-1-arylmethyl-1H-1,3-benzimidazoles) and the results from our study are presented herein (Chart 1).
Results and Discussion
Initially, we have studied the efficacy of Zn(proline) 2 -complex (5 mol%) for the model reaction using o-PD (1 mmol) and benzaldehyde (2 mmol) in water (2 ml), being stirred at ambient temperature.
To our surprise, the reaction proceeded smoothly during 2 h and resulted in the formation of corresponding product 3 in excellent yield (92%, entry 1, Table 1 ). The optimum yields of the product were obtained when a ratio of o-PD to aldehyde (1 : 2) is used. 5 mol% of catalyst was sufficient to carry forward the reaction in order to get the optimum yield in less reaction time. As less as 3 mol% of catalyst is also sufficient to catalyze the reaction to the same extent, but needs prolonged reaction times (2.5 h). The present Zn(proline) 2 -catalysis is highly selective. Under the optimized reaction conditions, in all cases the yields are high and 3 (1,2-disubstituted product) was formed selectively rather than 4 (2-substituted product) as depicted in Chart 1. This selectivity could be useful in synthesizing a mini library of biologically relevant 1,2-disubstituted benzimidazoles in moderate to excellent yields. To the best of our knowledge, there are no earlier reports on the preparation of benzimidazoles using zinc proline as an efficient recyclable and inexpensive Lewis acid catalyst.
The reaction of benzaldehyde (2 mmol) and o-PD (1 mmol) in the presence of zinc proline (5 mol%) in water (2 ml) was taken as model reaction for recycling studies. After the reaction is over as specified in Table 1 , the crude product was extracted in dichloromethane and simple separation from aqueous phase and organic phase to recover the catalyst. The catalyst present in aqueous medium was used for the subsequent cycle. The same procedure was adopted for all recycling studies (entry 1). The results reveal that the catalyst exhibited good catalytic activity upto three cycles. The scope of the reaction was further investigated with a wide range of electronically divergent aromatic aldehydes and o-PD's to afford the corresponding 1,2-disubstituted benzimidazoles selectively, in the presence of zinc proline as catalyst. The results are summarized in Table 1 . In all cases, the 1,2-disubstituted benzimidazoles were the sole products obtained and the rest of the material was essentially starting material. All products (entries 1-22) were well characterized by using instrumental techniques.
A large variety of functionalities were tolerated including phenolic group, halogen, and nitriles under the present reaction conditions. The present protocol is equally effective for aromatic aldehydes bearing either electron-donating or electron-withdrawing substituents (entries [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Steric factors played a vital role in affecting the rate of reaction. In general the aromatic aldehyde bearing a group on o-substitution requires a longer reaction time and yields are also less in compared to the group on p-substitution (entries 6-17). However, aldehydes containing -OH groups gave moderate yields upon stirring for longer reaction times (entries 13-15). Furthermore, a-naphthaldehyde (entry 20) and heteroaromatic aldehydes including pyridine-2-carbaxaldehyde, furfural (entries 21, 22) gave their corresponding benzimidazoles in good yields.
The proposed mechanism for the zinc proline-catalyzed synthesis of 1,2-disubstituted benzimidazoles, may tentatively be visualized to occur via a tandem sequence of reactions as depicted in Chart 2 as follows: Initially, coordination of the carbonyl oxygen to the acidic metal center and subsequent formation of imine with proline; followed by nucleophilic attack of o-PD to the imine, forming dibenzylideneo-PD, which then following the usual steps (i) protonation of the dibenzylidene-o-PD by acidic proton and ring closure leading to a five membered ring either a sequential or concerted manner, (ii) 1,3-hydride transfer and (iii) deprotonation, to form the desired 1,2-disubstituted benzimidazoles.
Conclusion
In summary, we report an efficient procedure for the selective synthesis of 1,2-disubstituted benzimidazole derivatives from various electronically divergent aromatic aldehydes and o-PDs using 'easily preparable, stable, inexpensive and recyclable' Zn(proline) 2 -complex as an efficient LA catalyst in 'green solvent,' water. The present protocol has several advantages: mild reaction conditions (at room temperature), operational and experimental simplicity, study of wide range of electronically divergent aldehydes and o-PDs. We believe that this zinc proline promoted methodology will be a valuable addition to the existing processes and further expansion of zinc-proline catalysis for the formation of other biologically relevant heterocycles is being progress in our laboratory and will be reported elsewhere.
Experimental
General Procedure All reagents were obtained from commercial sources and used without further purification. Solvents for chromatography were distilled before use.
1 H-and 13 C-NMR spectra were recorded on Varian FT-200 MHz (Gemini) and Bruker UXNMR FT-300 MHz (Avance) instruments, in CDCl 3 . Chemicals shifts are reported in parts per million (d) relative to tetramethylsilane (d 0.0) as internal standard. Electron-impact (EI) mass spectra were recorded on a VG 7070H Micromass mass spectrometer at 200°C, 70 eV. Elemental analyses were performed by Elementar analyzer Vario EL. The IR spectra were obtained with Perkin Elmer 240-C instrument using potassium bromide pellets/neat. Melting points were checked using Electrothermal Melting Point Apparatus. Analytical TLC of all reactions was performed on Merck precoated plates (silica gel 60F-254 on glass). Column chromatography was performed using Acme silica gel (100-200 mesh).
General Procedure for the Synthesis of 1,2-Disubstituted Benzimidazoles To a solution of Zn(proline) 2 (5 mol%) in water (2 ml) were added successively o-phenylenediamine (1 mmol) and aldehyde (2 mmol) at room temperature for the time specified in Table 1 . After completion of the reaction, the crude product was extracted with dichloromethane, dried over anhydrous MgSO 4 , concentrated under reduced pressure to furnish the crude product, which was further purified by silica gel chromatography using EtOAc/hexane (1 : 5), to afford corresponding product. All compounds gave satisfactory spectroscopic data in accordance to their proposed structures (see Table 1 ).
Recovered the catalyst by simple separation from aqueous phase and organic phase. The catalyst present in aqueous medium was used for the subsequent cycle. The same procedure was adopted for all recycling studies. The reaction time and yield for different cycles are presented in entry 1, Table 1 
